The Sendai Framework for Disaster Risk Reduction encourages investment in innovation and technology development in disaster risk management. However, needs for science and technology inputs are unmet, and there is a lack of policy making that is based on science and evidence. This paper identified three key issues that could help overcome these barriers: networking, coproduction of knowledge, and a stronger role played by academia. A number of innovative approaches and tools have been developed for disaster risk reduction (DRR); however, it has not yet been understood what the most effective DRR innovations are. A survey was conducted among representatives of academia, government, NGOs, and the private sector to identify the most effective DRR innovations. Communitybased DRR and risk management received the most votes. Half of the top-10 list was taken up with innovative approaches, which shows that both products and approaches are widely recognized as innovations, and both contribute to the improvement of existing and traditional DRR as it tackles new challenges. To enhance the interfaces among science, technology, and policy making and the development and implementation of DRR innovations, the following is recommended: increasing coproduction with researchers and practitioners, continuing the sharing of innovation case studies, strengthening communication and dialogues among stakeholders using effective, national and local platforms, understanding that innovations are not limited to high-tech products but can be approaches as well, and pursuing research on the potential of Artificial intelligence (AI), communication tools, and innovations related to climate disaster that can improve current strategies and capacities for DRR.
Introduction
Successful disaster risk reduction (DRR) has exhibited a need for an improved science-policy interface for many years [1] . This depends on the recognition of science as a process for providing a basis for decision making and identifying optimal strategies and necessary countermeasures [2] [3] [4] . In addition, scientific evidence makes more accurate investment in DRR possible [5] .
The science of DRR, in its widest sense, includes the natural, environmental, social, economic, health, and engineering sciences, and scientific capacities are interpreted broadly to include all relevant resources and skills of a scientific and technical nature [1, 7] . In particular, the social sciences play a central role in the development of new thinking on risk, vulnerability, and poverty, as well as the human roles in DRR. The task of making the case to policy makers for substantively investing in DRR depends on the results of the social sciences for insights into politics, economics, and administration, as well as their specific contributions to the collection analysis of disaster-related data [8] .
The convergence of science and technology can foster innovation [9] and is also of great importance for mitigating disaster risk. Innovation provides useful tools to cope with hazards [10] . The effectiveness of technological innovations in DRR has been proven in many cases, including early warning systems and innovations in construction to enhance the resilience of buildings and infrastructure [11] .
The implementation of creative and appropriate ideas is also called innovation, as are processes that combine knowledge with new ideas in a creative way [9] . Thus, innovations are not always products, but can also take any form: process, approach, framework, concept, and other types. DRR innovations are categorized into several groups: "innovation through interdisciplinary concepts, such as resilience; technological innovation, such as maintaining and strengthening geospatial information technologies; innovative ways to enhance the uptake of scientific knowledge in policy making and operations, such as sharing platforms; community-based innovation, such as integrating local information into DRR decision making; innovation through inclusiveness and participatory approaches, such as the perspective of young scientists; and innovation through policy coherence and improved monitoring" [12] .
The Sendai Framework for Disaster Risk Reduction (SFDRR) encourages investment in developing innovation and technology in long-term and solution-driven research in disaster risk management to address gaps, interdependencies, social challenges, and disaster risks. Precisely in what specific types of innovations should states invest? A survey on DRR innovation was conducted to understand the DRR innovations that have already proven effective and useful and that should be adopted as widely as possible particularly by governments and practitioners. This paper first examines the current status of the use of science and technology in DRR and discusses and presents recommendations for overcoming that challenge. For scaling up DRR, innovative approaches and tools that are based on science and technology are required; however, precisely what DRR innovations are worth applying and investing in are little understood. If policy makers and practitioners are to take DRR measures and invest in DRR innovations, the relative effectiveness suitability of the innovations for their country or region should be understood. A survey was conducted among representatives of academia, practitioners, the private sector, and governments. This paper presents the results and an analysis of the survey in relation to DRR innovations to help understand the most effective innovations as well as the implications and observations of these conclusions.
Links among science, technology, and policy making
The SFDRR is a UN policy framework that strongly endorses science and technology [13] . For comparison, the term science appears nine times in the Hyogo Framework for Action (HFA), a predecessor of SFDRR, and 21 times in the SFDRR [14] . The term technology appears in the SFDRR 19 times, and the HFA mentions it three times [4, 15] . This makes it clear that the emphasis on science and technology increased tremendously in the SFDRR. The application of science and technology to evidence-based policymaking is being encouraged more and more; however, current approaches and means of promoting science and technology remain insufficient. The mid-term review of the HFA, conducted before the SFDRR was adopted in 2015, identified unmet needs regarding science and technology inputs, particularly in risk assessment, practical tools to address specific risks, and economics-based evidence for advocacy purposes. In these circumstances, the demand for reducing barriers to access to science and technology, for developing science-and evidence-based policy making, and for support to developing countries in their pursuit of increased technical capacity has grown [8] .
Various barriers still exist between science and policy. Successful case studies of science-and evidence-based policy making should exist, but their development is still hampered in developing countries by a number of factors, including language differences, timelines, incentive structures, and values, along with a lack of political interest and awareness, conflicting views on priorities, inadequate institutional mechanisms, limited capacities of vulnerable affected communities, and a lack of access to knowledge, technical capacity, and funding [2, 8] . In addition, the lack of trust among stakeholders also forms a barrier and is caused by the absence of any space for dialog, compounded by the low priority of DRR among those most at risk, due to other pressing concerns, along with the limited time, resources, and space allotted to DRR by local actors [16] . Unfortunately, little effort has been made to close the gap between scientists and decision makers in policy and practice [17] . To overcome these barriers, what needs to be strengthened? How can the gap between scientists and policy makers be filled?
Networking
Scientists, policy makers, and other stakeholders, including the public, must engage on a regular basis [2] . Continual communication is essential, along with linking and shaping new ideas and information to the needs of decision makers. This can be done through the establishment of national committees or platforms on DRR that include the participation of national scientific and technical bodies and that report to high levels of government [8] . The role of these platforms can be to share and recognize the practices that exist on the local level regarding science-based decision making in the context of DRR, to conduct periodic assessments of the progress of DRR science and technology, to improve data standards and develop holistic risk models, and to organize regional science and technology conferences [11] . Such well-functioning coordination mechanisms can accelerate the use of science and technology in DRR by removing key barriers to their adoption [8] . However, without strong and thoughtful leadership by managers who stay on in the position for a long time, such platforms do not sustain and declined in effectiveness.
Coproduction of knowledge
Lack of knowledge is not the key challenge, but nevertheless, knowledge may not be transferred to practitioners and policy makers, especially at the local level. There are currently large social, structural, and functional barriers to knowledge sharing and implementation [18] . Increased losses to disaster are also a consequence of the unsatisfactory transformation of existing knowledge, i.e., the conversion of theoretical research findings into concrete action in practical disaster management [19] . The key barriers are a lack of resources for the application of knowledge in practice and a lack of incentives for decision makers to continue gaining knowledge to support improved, evidence-based decision making in policy and practice [18] as well as changes in socio-economic-political priorities.
In addition, more context-sensitive knowledge production is necessary that integrates local knowledge and understanding of local priorities and perceptions; provision of improved, target-oriented methods of communication; and trans-disciplinary approaches to research [18] . The social sciences can play a significant role through their consideration of the social context within which these events occur, as well as giving estimates for the likelihood of a variety of impacts in different scenarios, all of which require diverse types of data, including qualitative data [8, 20] .
Generating actionable scientific knowledge is possible through collaborative partnerships among scientists, policy makers, and practitioners [13, 17] , such as a development of joint production of assessments by experts and decision makers with better integration of different viewpoints [17, 21] . It is necessary to shift from the traditional single, objective methodology to multiple, objective solutions in science, design, policy, and multi-scalar processes [22] .
Role of academia
It is not clear to what degree practitioners have absorbed scholarly evidence. However, there is much research showing that the diffusion of research knowledge into practice is often incomplete or garbled. The gap between academic study and policy practice is widening [23] . Policymaking requires the delivery of the right information at the right time to the right people, and these tasks are not generally considered to fall under academia's role. However, it is now expected that the research community will attempt to report, share, and disseminate their research findings in a way that maximizes the likelihood of its use as active contributions to policy development [7] . In particular, in knowledge transfer, it is expected that the findings are concrete, the amount of evidence is high, the statistical methods are easy to understand, and there are clear practical implications. In particular, it is crucial that the practical implications be straightforward [23] .
Traditionally, the research community has had an excessive focus on conducting research. This led to the belief that outreach and dissemination are someone else's task. However, local scientists, consultants, applications specialists, development practitioners, and journalists can all play a crucial role as intermediaries who bridge the gaps between expert and practitioner [8] . It is also crucial for researchers to develop the skill to understand the needs of policy makers and practitioners through building trust, opening channels of communication, creating a sense of a joint future, providing information, and designing incentives for co-operation [7] , while learning how to communicate and transfer scientific practices and their research findings to practitioners and governments so that they maximize the use of technology and knowledge in policy practice. National committees and platforms should actively promote communication of actionable knowledge through many different processes and media, including briefs, drama, songs, storytelling at public events.
Innovations in disaster risk reduction
Innovations are not required to be entirely new or radical in nature [24] . They drive growth and help address social challenges [25] and can contribute to the mitigation of climate change, advancement of sustainable development, and the promotion of social cohesion [26] . To tackle those issues, innovations should be cost effective and should save lives, reduce losses, and ensure effective recovery and rehabilitation [12] . Thus, innovations can take such different forms as products, processes, concepts, methods, approaches, services, and mindsets [9, 12, 23, 24, 26] .
In DRR fields, many innovations have been implemented and proven their usefulness and effectiveness. To further promote DRR innovations, the types of DRR innovations that are most effective and useful for improving current DRR capacities must be understood. To collect information on the most effective and useful innovations, a survey was conducted among representatives of academia, practitioners, the private sector, and government. Use of the results can help support the development of localized innovations that will reduce future disaster risk, providing more effective and prompter responses and building disaster-resilient societies.
Methodology
First, disaster experts and researchers from five universities and one NGO gathered to discuss and select DRR innovations that they considered to be effective and useful. After a series of discussions and meetings, these were reduced to a short list of 30 (14 products and 16 approaches) ( Table 1 ). Using these 30 innovations, a survey was conducted to identify what DRR innovations are considered most effective among specialists based on their experience of them.
This does not imply that there are only 30 DRR innovations; obviously, more exist. As opinions may differ regarding this list, at the end of the survey, the participants were also asked to add innovations that they considered as or more effective as those listed.
The survey had two main questions, obtaining data on what three innovations the participants considered most effective and adding DRR innovations the participants considered effective, in addition to the 30 innovations listed. The survey form was disseminated from December 2018 to January 2019 through networks such as the Association of Pacific Rim Universities, the Integrated Research on Disaster Risk, the Asian Disaster Response and Reduction Network, the contacts of the researchers, universities, and NGOs.
Overall analysis
In total, 228 answers were received from universities and research institutes (145), government (30) , NGOs (24), international and regional organizations (16) , the private sector (6), and others (7) ( Fig. 1 ). There was a significant gap in the proportion of answers received: 60% were from universities or research institutes.
The top-10 innovations selected included five products (remote sensing and GIS, disaster risk insurance, Social Networking Service (SNS), drones, and disaster-resilient material) and six approaches (CBDRR, hazard mapping, assessments, index approach [these two were tied], national platforms, and indigenous DRR technology) ( Table 2) .
Among innovations, high-tech products may come to mind first. However, the results indicate that products and approaches can both have great impacts on reducing disaster risks. It is extremely important to use approaches together with products as a framework and guiding principle for the application and implementation of products and to analyze issues using the tools of the social sciences aspects: developing new thinking on risk, vulnerability and poverty, the risk process, and the role of humans in the accumulation of risk [8] . Both products and approaches bring multiplier effects to current DRR capacity. Without novel approaches, novel products cannot maximize their effectiveness. Products often require larger budgets or more sophisticated technology to adopt, operate, and maintain. Additionally, some products are still new and used only at limited sites. Additional time may be necessary for the effectiveness and value of these products to be fully understood. To obtain budgets for application, strong support from the authorities and decision makers is necessary. The government must be convinced to invest funds into DRR. For that purpose, it is crucial to build links between the government and those that develop these technologies, particularly academia and the private sector. For instance, national platforms for DRR (ranked sixth) can provide opportunities for all stakeholders to meet and share information and knowledge on DRR and discuss increases in national DRR capacity at once.
Respondents clearly voted for the innovations that were familiar to them, that they knew the effectiveness of, and that they had already used. Some items on the list are not well known and have been adopted only over very limited areas. For instance, electricity resistance survey, which is used to identify groundwater zones, their geometry, variation in salinity and direction of water movement, in relation to droughts received no votes (Fig. 2 ). This may be because its focus is restricted to drought and the technology is not widely known or used, although it could become extremely effective for drought. It is crucial to disseminate information on such innovations and share case studies using them and show what kind of impacts they could have.
Community-based disaster risk reduction or risk management (CBDRR/ RM) received the most votes in this survey. Tanwattana [27] credits CBDRR/RM with completely changing the mindset of the top-down approach in DRR to a bottom-up approach. It was once believed that the government has the greatest responsibility in disaster management, including DRR, but this approach strongly encourages community participation at each point, including planning, implementation, monitoring, and giving ownership to the community. Using this approach, further innovations have been developed: community zoning, data collection to support community disaster planning, installation of community staff gauges for water level, floating storage, elevated chicken coops, and emergency elevated walkways [27] .
Although CBDRR is highly recommended, in many cases, governments and communities that do not fully understand its value or their responsibility to implement it still exist. Lassa et al. [28] determined that voices and inputs from the communities are still not reflected in many planning documents funded by the government and international donors, although communities may be involved in the assessment. CBDRR requires collective coproduction by communities and the government, and it is insufficient for them to simply work together. A key of CBDRR implementation is the complementarity of community initiatives [29] .
Changing the mindsets of communities will take time; however, people often attempt to make large changes over a very short period. This approach does not often lead to success. It is important to understand that nurturing community is not a simple endeavor; however, without patient cooperative work, the chance of success is very small [28] . It should not be forgotten that CBDRR is still new to communities and even to governments [27] .
Comparison by group
This section assesses the results by group, for those groups with larger numbers of respondents: university or research institute, government, and NGOs. There was a gap in the total number of the answers for each group, so the percentages of the total votes for each innovation among total votes in each group were used for comparison ( Fig. 3) .
To calculate the percentages, the total number of votes was used. For instance, all participants were asked to select the three innovations that they considered most effective and useful, so the total number of votes was expected to be three times of the total number of the respondents. Thus, the total number of the responses from representatives of universities and research institutes was 145, so the total number of votes was 435 (145 × 3).
The innovation that received the most votes among the three groups was CBDRR (Table 3) . CBDRR, Geographic Information System (GIS), and hazard mapping were ranked among the top five for each of the three groups. More approaches (such as CBDRR, hazard mapping, assessment and index approach, national platform, and indigenous DRR technology) were ranked in the top five more than products (such as GIS, drones, and social networking services).
There are innovations that found a place among the top five for each group that were not among the top five for other groups: disaster risk insurance, assessments and the index approach, a national platform for DRR, SNS, drones, and indigenous DRR technology.
1) Universities and research institutes: Assessments and the index approach
was the fifth highest rated by representatives of universities and research institutes. This approach is a crucial base for research for those who perform scientific analyses and studies of all aspects and areas of Table 2 Top-10 innovations (A: approaches, P: products).
Innovations 1 Community-Based Disaster Risk Reduction (CBDRR) (A) 2
Hazard mapping (A) 3 Remote sensing and GIS (P) 4
Assessments and index approach: vulnerability assessment, resilient index, sustainability (A) 5
Disaster risk insurance (P) 6
National platforms for Disaster Risk Reduction (A) 7
Social Networking Service (SNS) (P) 8
Drones (P)  8 Disaster resilient material (P) 10 Indigenous DRR technology (A) 10 Crowdsourcing (A) Fig. 2 . Overall result of the survey (number of the votes gained). Total number of votes: 684 (228 answers × 3-each participant was asked to select the three innovations they considered to be most effective). DRR; thus, this approach is often used by researchers and is understood by them to be very effective.
There are a number of researches conducted regarding the effectiveness on disaster risk insurance. Therefore, for academia, disaster risk insurance could be familiar and considered something useful for DRR, however, other groups may not have been convinced yet by its effectiveness. Such information and evidence on the effectiveness of insurance should be shared and understood widely by other groups. 2) Governments: A national platform for DRR was the fourth highest rated by representatives of government. This refers to a platform for multistakeholder collaboration at national level; it is thus to be expected that the government would be familiar with it. It was strongly promoted in the HFA and the SFDRR. It has proven relatively effective in its use by governments, which are the ones implementing the platform in most cases. SNS is already considered an effective tool of information sharing publically. It could be also a useful tool for government to understand the damage situation and the immediate needs for relief assistance. It is extremely important for government to access such information as early as possible to provide emergency assistance. 3) NGOs: Indigenous DRR technology was rated third highest by representatives of NGOs, which, particularly national and local ones, appreciate local culture, wisdom, technique, and materials. They are often familiar with indigenous technology, which is often unique and developed with reference to their unique culture and environment. Their experience at the local level allows NGOs to understand the effectiveness of such technologies quite well.
The innovations listed below exhibit a more than 5% gap in the voting rates among the groups. 1) Indigenous DRR technology: 8.3% of NGO representatives voted for this approach, but only 3.3% of government representatives, and 2.3% of representatives of universities and research institutes did likewise. As noted above, this approach is more commonly taken by NGOs. The gap in use of this approach between NGOs and others may imply a communication or knowledge gap between them. Most likely, this innovative approach and its effectiveness have not been well understood by either the government and or universities and research institutes and will not be until they grasp DRR efforts at the local level. 2) Disaster risk insurance: 7.1% of representatives of universities and research institutes, but only 2.8% of NGO and 0% of government representatives supported this. The SFDRR emphasizes the importance of promoting mechanisms for disaster risk transfer and insurance, risk sharing and retention, and financial protection. The cost-effectiveness of risk transfer and insurance for disaster risk management has been widely discussed. It is thought that insurance is not necessarily the most cost-effective option for governments [30] . Especially in wealthy countries government insurance hardly exists at the national level except the Unities States, Canada and Australia [31] . However, for small, low-income and highly exposed countries that have over stretched tax bases, sovereign insurance may become an important cornerstone for tackling the effects of natural disasters [32, 33] . It is also particularly suitable for financing the immediate post-disaster needs that follow low frequency, high impact events [34, 35] , but not for highfrequency, low-impact events [30] . The effectiveness of this method will differ in national and local contexts, including the specific history and impact of disasters in the particular place, the government and its public financial situation, and other DRR measures being used [36] . Further research and discussion on risk insurance and transfer is necessary as a better option for reducing future disaster risks and supporting response and recovery works in the affected countries and governments. 3) Drones: 11.1% of NGO, 4.4% of government, and 2.8% of university and research institute representatives voted for drones. Drones are often used and can assist disaster risk management at any stage of disaster management: before, during, or after a disaster. They can greatly contribute to monitoring, forecast, and early warning systems; disaster information sharing; situational awareness, logistics, and evacuation; and standalone communication systems, search and rescue missions, and damage assessment [37] . There may be a gap between NGOs and governments in understanding the effectiveness of drones or in the experience of using them. Alternatively, it could simply be that the government officials who participated in this survey had not had experience of using drones in live disaster-management situations. NGO representatives may have had more opportunities to see drones in operation and the effectiveness of their use in various occasions, primarily in disaster response. For the use of drones, a certain level of budget, technology, and human resources is necessary. NGOs with experience with drones may be good partners to gain necessary information and discuss the use of drones. There are also many countries and areas that have already adopted drones in their DRR measures; therefore, many case studies and papers already exist for reference and study.
Additional innovations
In addition to the 30 innovations selected in the original list, the survey prompted participants to suggest additional innovations that were not at first included (Table 4 ). Artificial intelligence (AI) was a common response. It is necessary to investigate how AI could strengthen DRR capacity and reduce disaster risks, such as for early warning and evacuation modeling, and to make changes in the current state of DRR. There were also a number of suggestions to include the innovations for climate-related disasters, both products and approaches. Furthermore, innovations that use mobile devices were also widely suggested. However, these suggestions vary from technical products to educational and awareness-raising materials, as well as action, policy, and funds for particular purposes. It will be important to continue to identify DRR innovations and share acquired information with practitioners and policy makers. Disaster risk insurance (P) National platform (A) SNS (P) 5
Assessments and index approach (A) GIS (P) 
Conclusion
The need in DRR for the increased use of innovation and new technology has never been greater, however, there is a tremendous gap in the interface of science, technology, and policymaking. One prominent difference between HFA and SFDRR is that the latter emphasized the application of science and technology much more heavily than the HFA [14] . The SFDRR recommends that the two be linked more emphatically, that innovative approaches be developed, and that they be used in practice. There is an urgent need of a platform and opportunity to enhance communication among various stakeholders and increase an opportunity to learn how science and technology could increase support for DRR work, especially among practitioners and governments. To reduce the gap, this paper identified three key issues: networking, coproduction of knowledge, and the role of academia.
The results of the survey clearly show that innovations are not required to be completely new or high-tech products, but approaches and frameworks can lead to changes and to influences on people's thinking and behavior. It is necessary to take both innovative products and approaches into account in DRR strategies when working to develop them further and make them more effective and useful. CBDRR received the most votes among the 30 innovations chosen. This is a widely acknowledged and implemented approach, but it should not be forgotten that CBDRR is still a relatively new approach, even among governments. The innovations that representatives of universities and research institutes, NGOs, government, and the private sector think most effective differ slightly from each other. It is crucial for these groups to share their experience of these innovations with other stakeholders and to promote and support their application in practice. In the case of further examination of effective innovation considered by group, it is necessary to increase the number of responses, especially among NGOs, government, and the private sector.
To strengthen the use of science and technology in policy making and to increase the application of innovative DRR measures in practice, it is crucial to do the following:
➢ Increase coproduction between researchers and practitioners. It is insufficient for these groups to simply work together or collaborate ambiguously if strong policy making based on scientific evidence is to emerge; ➢ Continue sharing case studies of innovations. Academia should take a further step here and study how to communicate their research and its results; ➢ Strengthen communication and dialog among stakeholders, using effective platforms such as the national platforms for DRR; ➢ Understand that innovations can go beyond only high-tech products to include approaches as excellent innovations to be adopted. Without such innovative approaches, the products cannot maximize its effectiveness; ➢ Conduct further study, especially on the potential of using AI, communication tools, and innovations related to climate disaster that improve current DRR strategies and capacities.
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